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The Big Idea

The only thing you can count on in life, the world, and the universe is that things will change – often, things won’t change just one way, but will oscillate back and forth. Objects in motion that return to the same position after a certain period of time are in harmonic motion or periodic motion. 
An object which is displaced from equilibrium will often experience a net force which tends to restore it to equilibrium.  Common examples are pendulums and masses hanging on springs.  If the restoring force is proportional to the displacement, but in the opposite direction, then the object will experience simple harmonic motion (SHM). 
In SHM, the graphs of position, velocity, and acceleration as a function of time all take the shape of sine curves, but with different phases, i.e., starting the cycle at different times.
Key Concepts

· For simple harmonic motion systems, the restoring force is proportional to the displacement, but in the opposite direction.  For a spring, F = -kx (Hooke’s Law)     k is the “spring constant”, measured in N/m.

· The period, T, is the time it takes the object to go one full cycle. In other words, T is the time it takes the object to return to its exact starting point and starting direction.

· The frequency, f, is the number of cycles an object goes through in 1 second. Frequency is measured in Hertz (Hz). 1 Hz = 1 cycle per sec. 

· The amplitude, A, is the distance from the equilibrium (or center) point of motion to either its lowest or highest point. The amplitude, therefore, is half of the total distance covered by the oscillating object.

· The speed of an object undergoing SHM is greatest at the equilibrium point and goes to zero at the end points of the motion.

· Objects in simple harmonic motion do not obey the standard kinematics equations of motion because the acceleration is not constant. As a spring compresses, the force (and hence acceleration) increases. As a pendulum swings, the horizontal component of the force of gravity changes, so the acceleration changes. 
Key Equations

· T = 1 / f
;
period and frequency are quite simply related.
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· Tsp = 2π

;
the period of oscillation in seconds for a mass oscillating on a spring depends on the mass of the object on the spring and the spring constant.  The spring constant measures the strength of a spring, and is the ratio of force applied to the change in length of the spring.  It is measured in Newtons per meter.
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Tp = 2π   
;
the period of oscillation in seconds for a pendulum (i.e. a mass swinging on a string) swinging at small angles (θ < 15°) with respect to the vertical depends on the length of the pendulum and the acceleration due to gravity.

Math!
· x(t) = x0 + A sin[2πf (t – t0)]
;
the general equation for position of an object in SHM.  The time t0 is the start time for the cycle, when the object passes the equilibrium point moving in the direction defined as positive.
· v(t) = 2πf A cos[2πf (t – t0)]
;
the general equation for velocity of an object in SHM.  This is the derivative of the equation for position.
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           (Note that a cosine curve is same shape as a sine curve, but 90 degrees out of phase.)

Notes

� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���








People’s Physics Book, SI Edition

Ch 10-2

_1179488359.unknown

_1182336875.unknown

